ABSTRACT. This study evaluated the chemical composition and in vitro dry matter digestibility (IVDMD) of elephant grass silages at different growth stages (70, 90 and 110 days), with the addition (0, 5, 10 and 15%, on a fresh matter basis) of mesquite pod meal. A completely randomized design (CRD) was used in a factorial arrangement with four replications. PVC pipes 100 mm in diameter were used as experimental silos. After 30 days of ensilage, samples were taken from the open silos to determine chemical composition and IVDMD. The inclusion of mesquite pod meal (MPM) increased (p < 0.01) the concentrations of DM and CP. No interaction (p > 0.01) was detected between MPM concentrations and elephant grass cutting age for DM, CP and NDF contents in the silages. A decrease (p < 0.01) was observed in NDF, ADF and MM concentrations with the inclusion of MPM. There was a linear increase (p < 0.01) in IVDMD with increasing levels of MPM; and IVDMD decreased (p < 0.01) with increasing cutting age of the elephant grass. The inclusion of mesquite pod meal contributed to improve the chemical composition and digestibility of silages.
Introduction
The seasonality of feed production has been one of the limiting factors in ruminant production, due to low and irregular rainfall.
Mesquite (Prosopis juliflora) is a non-oily legume with wide distribution in Brazil's northeast. It grows up to 10 m tall, produces fruit measuring up to 20 cm in length, with pods that yield 2 to 8 tons per hectare in non-irrigated areas. Ripe mesquite pods contain nearly 84.0% dry matter (SILVA et al., 2001) . In addition to nutritional advantages, mesquite has the most intense fruiting period when pastures are low in protein and have high fiber levels -between July and November in northeastern Brazil.
Ensilage is one of the most commonly employed practices to conserve fodder. The advantage of this process is that it preserves the nutritional valued of ensiled materials. Among the species used for silage, elephant grass (Pennisetum purpureum, Schum.) has stood out. However, excess moisture, low soluble carbohydrate levels and with high buffering capacity combine to limit the production of high-quality silage. Forage species with 28 to 35% dry matter are ideal for ensiling (MUCK, 1988) . Yields increase as vegetative development advances, offset by a reduction in nutritional value. Therefore, a balance is sought between the use of additives and the best cutting age for elephant grass.
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Forage plants with low dry matter levels and high buffering capacity are prone to secondary fermentation, high nutrient loss and formation of products that depreciate the nutritional value of silage (McDONALD et al., 1991) . The use of additives rich in dry matter and soluble carbohydrates could be an alternative to minimize the limitations of ensiling. In recent years, the number of studies featuring inclusion of additives rich in dry matter for grass ensilage has increased (CARVALHO et al., 2007; MONTEIRO et al., 2011; RÊGO et al., 2010a) . Thus, including mesquite pod meal (MPM) at ensiling could be a viable alternative.
The objective of this work was to evaluate the chemical composition and in vitro dry matter digestibility of elephant grass silages at different cutting ages with added mesquite pod meal.
Material and methods
The study was carried out at the Animal Four concentrations of mesquite pod meal were evaluated (0, 5, 10 and 15%, on a fresh matter basis), at three cutting ages of elephant grass (70, 90 and 110 days), in a 4 x 3 factorial design. A completely randomized design (CRD) was used, with four replications.
The mesquite pod meal was obtained from Flores Farm, located in the municipality of Quixeramobim, Ceará state. Prior to being ensiled with elephant grass, the mesquite pods were ground in a hammer mill with 1 cm mesh screens. The elephant grass used to process the silage came from a grass field at the UFLA Animal Science Department. The experimental area was cut uniformly with a shredder, after which the cuttings were made for silage processing at 70, 90 and 110 days of the grass. Each cutting age was ensiled with all four concentrations of mesquite pod meal. The composition of the materials was determined prior to ensiling (Table 1) .
The elephant grass was processed in a chopping machine set for 1 cm particle size, then weighed and manually mixed with the mesquite pod meal for later silage processing. PVC pipes were used as experimental silos, 500 mm long and 100 mm in diameter. Approximately 2.4 kg of fresh matter were placed in each silo, amounting to 600 kg m -3 density, thus providing good compactness of the ensiled mass.
Thirty days after ensiling, the silos were opened and the collected samples were subjected to predrying in a forced air oven at 60 º C for 72h, ground in a Thomas Wiley-type mill, with 1 mm mesh screens, for chemical analysis and the in vitro digestibility assay. From those samples, the dry matter (DM) at 105 º C, crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF) were obtained, according to the methodology of Van Soest and Winer (1968) ; mineral matter (MM) and pH, using a potentiometer with fresh samples (SILVA; QUEIROZ, 2002) . Buffering capacity was measured using samples of the original material, according to the technique described by Playne and McDonald (1966) . The values of total carbohydrates (TC) were obtained by subtraction, according to the methodology described by Sniffen et al. (1992) , in which: TC% = 100% -(CP% + EE% + MM%) Non-fiber carbohydrates (NFC) levels were calculated according to the methodology adapted from Hall (2003) , in which: NFC% = 100% -(NDF% + CP% + EE% + MM%).
In the in vitro dry matter digestibility (IVDMD) assay, a non-lactating, non-pregnant Jersey cow was used to donate rumen fluid though a cannula. The cow had been previously adapted to the diet. The in vitro digestibility assay was carried out according to the methodology described by Tilley and Terry (1963) .
The effect of mesquite pod meal inclusion and cutting age of elephant grass on the nutritional 
Results and discussion
A linear increase (p < 0.01) was observed in the DM levels of silages as mesquite meal was included (Figure 1 ). Forage dry matter content is an important factor to obtain silage with good fermentation standards ( VAN SOEST, 1994) . With 13.5% mesquite pod meal inclusion, the silages showed a minimum limit of dry matter (28.0%), cited by Muck (1988) as the standard for good silage conservation due to the predominance of lactic fermentation (Figure 1 ).
This increase in DM levels may be justified, as the additive used (MPM) has high levels of DM (89.6%) compared to elephant grass prior to ensilage (Table 1) , making it a moisture-absorbing additive. Similar results were obtained by several authors observing DM levels of elephant grass silage with additives characterized as moisture absorbers. The addition of coffee hulls (0, 10, 20, 30 and 40%) is an example of this, in which elephant grass silage raised DM levels by 0.69 percentage points for every 1% of additive inclusion (BERNARDINO et al., 2005) . A linear increase (p < 0.01) was observed in the DM levels of silages as the cutting age of elephant grass increased. A rise of 0.072 percentage points was observed in the DM levels of silages for each additional day of age of the grass at the time of cutting. This was already expected, given that as a C 4 tropical grass, elephant grass is highly capable of assimilating solar energy and therefore accumulating dry matter throughout its vegetative development (LAETSCH, 1974) . No interaction (p = 0.61) was observed between mesquite pod meal concentration and cutting age of elephant grass on the dry matter levels of silages.
With regard to crude protein levels, a linear increase (p < 0.01) was observed when mesquite pod meal was included in the ensiling of elephant grass. For every 1% addition of mesquite pod meal, an increase of 0.169 percentage points was seen on the level of CP of the silages (Figure 2 ). The percentage of crude protein in mesquite pod meal (11.3%) caused silages to reach 9.5% of crude protein with the highest concentration of MPM (15%), which is 2.53 percentage points higher than the witness treatment (0% mesquite pod meal). the time of cutting (Figure 2 ). This variation is due to changes that take place as tissues age and the growth period of the plant (AKIN; BURDICK, 1981) . No interaction was observed (p = 0.90) between mesquite pod meal concentration and cutting age of elephant grass on the crude protein levels of silages. A linear decrease (p < 0.01) was observed in the levels of NDF with the addition of mesquite pod meal (Figure 3) . The reduction in NDF levels with the addition of mesquite pod meal is explained by the low levels of NDF found in the additive (29.9%) when compared to elephant grass. For every 1% of additive inclusion, a decrease of 0.508 percentage points was observed in NDF levels. This caused NDF levels to go from 72.0% in silages containing exclusively elephant grass to 64.3% in the treatment with the highest concentration of mesquite pod meal -a 7.62% reduction. Rêgo et al. (2010b) observed a linear reduction of 0.71% in the level of NDF in elephant grass silages containing dried cashew apple (0, 4, 8, 12 and 16%). A linear increase (p < 0.01) was observed in the NDF of silages as the cutting age of elephant grass increased. An increase of 0.096 percentage points was observed in the level of NDF of the silages for each additional day of age of the grass, ranging from 59.5% for the silage of grass cut at 70 days to 70.0% for the silage of grass at 110 days (Figure 3 ). This increase in NDF levels is evidenced by thickening of the plant cell wall and by a reduction in lumen and cell content as cutting age increases (WILSON; HATIFIELD, 1997) . No interaction (p = 0.12) between mesquite pod meal concentration and cutting age of elephant grass was observed for the NDF levels of the silages. There was an interaction (p = 0.04) between mesquite pod meal concentration and cutting age of elephant grass for ADF. There was a linear decrease (p < 0.01) in ADF levels for silages processed with elephant grass cut at 70, 90 and 110 days of age as mesquite pod meal was included. For every 1% of mesquite pod meal inclusion there was a reduction of 0.54, 0.44 and 0.42% in ADF for the silages, for their respective cutting ages (Figure 4 ). This decrease in ADF levels can be explained by the lower ADF content of mesquite pod meal (20.8%) compared to elephant grass (43.7%).
The obtained values are in accordance with those observed by Gonçalves et al. (2004) , who while working with inclusion of acerola residue in elephant grass ensilage, observed a decrease in ADF levels of 0.32 percentage points for every 1% of residue inclusion. Rezende et al. (2007) worked with inclusion of meal from discarded potatoes to Napier grass, observing a linear decrease (0.64%), in ADF levels. 5% concentration there was no difference (p = 0.41) between the tested ages. For every 1% of mesquite pod meal inclusion there was an increase of 0.051, 0.054 and 0.082 percentage points on the ADF levels of the silages, at 0, 10 and 15% MPM concentrations, respectively (Figure 4 ). This increase in ADF as cutting age increase is due to thickening of the plant cell wall as the vegetative stage of grass advances. ADF analysis presents an estimate of cellulose and lignin levels of the sample; higher ADF values indicate greater lignin concentration in the cell wall, and consequently lower digestibility ( VAN SOEST, 1994 ). An interaction (p < 0.01) was observed between mesquite pod meal concentration and cutting age of elephant grass for variable MM. A linear decrease (p < 0.01) was observed for mineral matter levels of silages processed with elephant grass cut at different ages as mesquite pod meal was included. For every 1% of mesquite pod meal inclusion there was a decrease of 0.101, 0.109 and 0.159 percentage points on the mineral matter levels of the silages, for cutting ages of 70, 90 and 110 days, respectively ( Figure 5 ). A linear increase (p < 0.01) was observed in the MM level of silages as the cutting age of elephant grass increased, in all concentrations of mesquite pod meal. For every 1% of mesquite pod meal inclusion there was an increase of 0.055, 0.032, 0.041 and 0.028 percentage points in the levels of MM in the silages, at concentrations of 0, 5, 10 and 15% inclusion of mesquite pod meal, respectively ( Figure 5 ).
An interaction (p < 0.01) was observed between mesquite pod meal concentration and cutting age of elephant grass for variable pH. It was detected in all evaluated silages that pH values were lower than the minimum limit described by the literature (4.2). There was a quadratic effect (p < 0.01) on pH values, for all silages, regardless of cutting age of elephant grass (Figure 6 ). The pH of the silages in this study is considered adequate for good fermentation. Normally, this pH reduction process is due to the formation of organic acids, such as lactic acid, from the fermentation of soluble carbohydrates by lactic bacteria found naturally in the culture or added to the ensiled mass. These acids increase the concentration of hydrogen ion at a level in which undesirable microorganisms are inhibited (McDONALD et al., 1991) . pH value in all silages (0, 5, 10 and 15%) containing mesquite pod meal ( Figure 6 ). Braga et al. (2001) , while evaluating the chemical composition of silages from elephant grass cv. Cameron, at five cutting ages, concluded that the pH value was affected by cutting age, equaling 4.0 (112 days), 4.2 (70 days), 4.3 (56 days), 4.3 (98 days) and 4.5 (84 days). The levels of total carbohydrates of elephant grass silages decreased (p < 0.01) with inclusion of mesquite pod meal (Figure 7) . In tropical grasses, carbohydrates represent the largest share of DM of plants, and any changes in this ratio interfere directly on energy availability for ruminants. It is possible that the reduction in the TC level of silages with mesquite meal was caused by the high rate of inclusion, as according to Sniffen et al. (1992) , the more CP and EE, the lower the rate of carbohydrates when estimating TC levels. No interaction (p = 0.50) was observed between mesquite pod meal concentration and cutting age of elephant grass in the TC levels of silages. A 0.442% increase was observed in the NFC level of silages for every 1% of added MPM, ranging from 8.67% in the silage with 0% MPM inclusion to 15.30% in the silage with 15% MPM (Figure 8 ).
According to Van Soest (1994) , NFCs serve as substrates for Lactobacillus bacteria, improving silage quality and increasing nutritional value. They also contribute to increase the energy value of silage and are considered highly digestible carbohydrates. A linear decrease (p < 0.01) was observed in the NFC levels of silages as the cutting age of elephant grass increased. A 0.107% reduction was observed in the NFC levels of silages for each additional day of age of the grass at the time of cutting, ranging from 14.11% in the silage of grass cut at 70 days to 9.83% in the silage of grass cut at 110 days (Figure 8 ). No interaction (p = 0.44) was observed was observed between mesquite pod meal concentration and cutting age of elephant grass in the NFC levels of silages. There was a linear increase (p < 0.01) in in vitro dry matter digestibility as mesquite pod meal concentration increased (Figure 9 ). This may be explained by the reduction in the levels of NDF and ADF of the silages; that is, they showed a positive linear relationship between the variables.
The results are in agreement with Rezende et al. (2008) growing concentrations (0, 3, 6 and 9%) of citrus pulp. There was a decrease (p < 0.01) in dry matter digestibility as the cutting age of elephant grass increased (Figure 9 ), given that the digestibility of grass is markedly reduced as their vegetative stage advances, due to accumulation of fiber and lignification of the plant cell wall, in addition to lower CP levels (DESCHAMPS, 1999) . As the vegetative stage of elephant grass advances, the rate of highly digestible components tends to decrease, while fibers tend to accumulate. The area occupied by lignified tissue increased as plants grew, in the leaves and stem alike; therefore, tissue degradation in the different structures decreased as plants aged (BRITO et al., 1999) .
Conclusion
Mesquite pod meal can be used as a moisture absorbing additive in elephant grass silages regardless of the growth stage of the grass, as it favors fermentation, improves chemical composition of silages and enhances in vitro dry matter digestibility. There are no restrictions to its use within the concentrations tested in the present work.
